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The energetic and magnetic properties of wurtzite GaN/MnxGa1−xN digital heterostructures are investigated
by first-principles total energy calculations, within the spin density-functional theory, and Monte Carlo simu-
lations. In a wurtzite GaN model sample, periodic in the c axis, we replace a GaN monolayer a plane by a
plane with composition MnxGa1−xN, and study its properties for varying the GaN spacer layer thickness and
Mn concentration x. The 100% MnN monolayer possesses an antiferromagnetic AFM ground state when, in
the periodic sample, it is isolated from the other MnN monolayers by more than four GaN spacer layers. The
case of submonolayers x1 is studied by Monte Carlo simulations based on an Ising Hamiltonian, whose
parameters are obtained from ab initio calculations on five configurations. At 700 °C, up to the concentration
of 8% Mn, the two-dimensional 2D alloy is stable. However, above this concentration, there is a strong
tendency to the formation of MnN clusters with an AFM ground state defined by ferromagnetic Mn rows
coupled antiferromagnetically with other Mn rows. The behavior of the magnetization with the temperature is
completely different in these two concentration regimes, with the 2D MnN cluster being very stable, whereas
the 2D alloy presents low magnetic transition temperatures.
DOI: 10.1103/PhysRevB.73.224409 PACS numbers: 75.50.Pp, 71.15.Mb, 02.70.Uu
I. INTRODUCTION
In the past few years the field of spin electronics, or spin-
tronics, which aims at the use of the spin of carriers for
electronic devices, has emerged as the new frontier in device
physics for the future integrated technology.1 A combination
of conventional semiconductors with magnetic materials, for
which both band gap engineering and magnetic engineering
could be realized, would be very desirable. As a result of the
recent activities several novel spin-based devices were
proposed.1 Materials under intense investigation are the di-
luted magnetic semiconductors DMS based on III-V mate-
rials, which are formed by doping with transition metals,
such as Mn, Cr, etc., and the conventional semiconductors,
such as GaAs.2 They allow an interplay between magnetic
and electronic properties and are structurally compatible with
most epitaxially grown III-V semiconductors. Among the
III-V DMS, the Mn-doped GaAs system has been the most
studied. These materials have a maximum Curie temperature
Tc of 110 K.
3 Moreover, the solubility of the transition met-
als in these semiconductors is rather small. More recently, a
different approach was suggested, in which superlattices in-
stead of random alloys are used.4 These structures, called
digital ferromagnetic heterostructures DFH, are formed by
a thin magnetic layer or submonolayer, embedded into a bulk
semiconductor. The quasi-two-dimensional sheets of such
structures have a higher concentration of transition metal at-
oms than bulk alloys, and thus favor a magnetic order. These
novel systems exhibit a rather rich and complex physics.5
Aside from this new DFH approach, calculations based on
the mean field theory6 showed that by using nitride based
systems, instead of arsenides, a Tc above room temperature
could be achieved. However, this subject is still under dis-
cussion. There are theoretical works, based on more precise
first-principles calculations, which predict lower transition
temperatures for the Ga,MnN system.8,7 Experimentally, a
variety of Curie temperatures for the Ga,MnN system has
been obtained10,9,11,12 but also antiferromagnetism.13 The
conflicting results show that the magnetism observed in the
nitride-based DMSs is yet not well understood. For nitride-
based digital heterostructures, using Monte Carlo simulations
and assuming an indirect exchange of the Runderman-Kittel-
Kasuya-Yosida type via the spin polarized holes, Boselli
et al.14 studied two MnxGa1−xN layers embedded in a GaN
host. They predicted higher Curie temperatures for these ni-
tride heterostructures compared to the equivalent arsenide
systems. However, important questions on the Ga,MnN
system, such as the occurrence of antiferromagnetism and
the thermal stability, e.g., formation of clusters instead of the
alloy itself, remain open in that work. Furthermore, the as-
sumption of a definite exchange interaction between the
magnetic ions needs to be justified, for instance, by first-
principles studies.
In this work, we carry out rigorous and systematic theo-
retical studies of GaN/MnxGa1−xN wurtzite digital hetero-
structures. The energetic preferences among the different
magnetic configurations are investigated by total energy cal-
culations. The thermodynamic properties are derived by
combining first-principles Kohn-Sham equations and
Monte Carlo MC calculations. The paper is organized as
follows. In Sec. II we describe the ab initio total energy
method, and in Sec. III we discuss their results for the many
different configurations. In Sec. IV we introduce the Ising
Hamiltonian for the Monte Carlo simulations. The thermo-
dynamic properties of the MnxGa1−xN monolayer and the
temperature behavior of the magnetization are analyzed in
Sec. V. Finally, conclusions are presented in Sec. VI.
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II. FIRST-PRINCIPLES CALCULATIONS
We performed spin density-functional theory
calculations15 within the generalized gradient approximation
GGA for the exchange-correlation potential proposed by
Wang and Perdew.16 Besides the valence electrons, the semi-
core Ga 3d and Mn 3d states are explicitly considered. We
use the frozen-core projector-augmented wave PAW
method as implemented in the “Vienna Ab-initio Simulation
Package” VASP-PAW code.17,18 The k space integrals are
approximated by sums over special points of the Monkhorst-
Pack type 19 within the irreducible part of the Brillouin zone,
and optimized for each case. The atomic coordinates in the
supercell are relaxed by diminishing the Hellmann-Feynman
forces untill the energy difference per atom between two
consecutive changes of atomic positions is 10−4 eV.
Though the starting point is a configuration of atoms at the
sites of pure GaN, because of relaxation, the many atoms,
Ga, Mn, and N, move to find their position that minimizes
the total energy. We calculated cells that had as many as 72
atoms, in which case the relaxation can be much computer-
time consuming.
The superlattices are obtained by assuming a wurtzite
structure of GaN and piling up the primitive hexagonal cells
of 2 cations +2 anions in the c direction. The case of one
entire monolayer of MnN is represented in Fig. 1. The case
of submololayers is calculated with a supercell formed by
5 ML of GaN and 1 ML of MnxGa1−xN. The many configu-
rations and magnetic monolayers are obtained using unit
vectors that are multiple of those of the wurtzite structure in
the plane perpendicular to the c direction.
The calculations were spin polarized because we are in-
terested in the ferromagnetic and antiferromagnetic arrange-
ments of Mn atoms. Aside from the configurations with mag-
netic moments close to or exactly equal to 4B, we also
made self-consistent runs with different magnetic moments
and without polarization. All these runs converged to total
energies considerably higher than the AFM and FM states
with 4B. This fact allows us to develop the spin Hamil-
tonian of Sec. IV.
III. TOTAL ENERGY RESULTS
First we study 1 ML of MnN embedded in wurtzite GaN.
We perform total energy calculations for the GaNn / MnN1
digital heterostructures for varying number n of GaN spacer
layers between the MnN monolayers. The MnN monolayer is
either antiferromagnetic AFM or ferromagnetic FM and
is represented by the configurations labeled as  in Fig. 2.
Thus in the AFM state each Mn atom has two first neighbors
with the same spin and four Mn atoms with the opposite
spin. The results for the total energy and the total magnetic
moment for the FM state, both per Mn atom, are presented
in Fig. 3. One observes that, for a small separation between
MnN layers three GaN monolayers, the total magnetic mo-
ment per Mn atom is small, and the FM and AFM states have
approximately the same energy. However, as the separation
of the MnN layers is increased, the magnetic moment exhib-
its an abrupt enhancement, and stabilizes around 3.8B. The
ground state becomes AFM which was calculated only for
three and five GaN monolayers of separation. One also ob-
serves that the total energy and the magnetic moment be-
come approximately independent of the spacer thickness.
This behavior can be understood in terms of isolated MnN
monolayers without an interaction between themselves. We
considered that, starting with five spacer layers, the Mn
FIG. 1. Color online Representation of a digital heterostructure
GaNn / MnN1 with one entire MnN monolayer. The atoms are
represented by small circles N, empty circles Mn, and full
circles Ga. The case of submonolayers, that are heterostructures
GaNn / MnxGa1−xN1, is similar: instead of a plane of empty
circles we have a plane of mixed empty and full circles.
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planes are well isolated. The order of energies for the NM,
FM, and AFM configurations points to a AFM ground state,
and suggests that FM may be a long-lived metastable con-
figuration. Indeed, decaying from FM to AFM necessarily
passes through disorder, but that is much higher in energy.
The abrupt enhancement of the magnetic moment is related
to a transition from a three-dimensional system 3D to a
mostly 2D system with a completely different behavior.
However, the interaction between the Mn atoms is suffi-
ciently strong to keep the system metallic instead of half-
metallic. This can be seen from the noninteger value of
3.8B for the magnetic moment. The half-metallic character
is regularly obtained in the calculations of GaMnN 3D al-
loys, 20,21 corresponding to an integer value of 4B repre-
sented by the dotted-dash line in Fig. 3. Therefore, we infer
that, contrary to the arsenide system,22 it is not possible to
obtain a half-metal with a single MnN monolayer embedded
in GaN. The fact that the system GaNn / MnN1 is not a
half metal, is relevant because a theory first proposed by
Schmidt et al.23 points out that due to the dissimilar materials
properties of a metal and semiconductor, an efficient spin
injection in the diffusive transport regime is difficult unless
the magnetic material is nearly 100% spin polarized, i.e.,
half-metallic.24 Therefore, it is important to know under
which conditions the half-metallicity can be achieved.
The problem of submonolayers of MnxGa1−xN is much
more complex than in the case of a complete MnN mono-
layer. There are many ways to distribute Mn and Ga atoms in
a plane, and we have to treat this problem as a 2D alloy. We
postpone to the next section the Monte Carlo simulations,
and here we begin the analysis with the ab initio calculation
of three configurations with 50%, and one with 33% Mn in
the plane. The corresponding 2D configurations including
the layer with 100% Mn are presented in Fig. 2 for FM and
AFM magnetic orderings. The configurations are calculated
with five GaN monolayers of separation, which assures us
that the magnetic layers are isolated. The configurations ,
, and  have 50% Mn. The main difference between them is
that the configurations  and  have two first neighbors Mn
for each Mn while the configuration  has four first neigh-
bors Mn for each Mn. For the FM state, the configurations 
and  are equivalent. The configuration  corresponds to a
row of Mn atoms that is separated from other Mn lines by
two rows of Ga atoms. In Table I, the total energy differences
per Mn atom between FM and AFM states are listed for the
five studied configurations. We observe that the configura-
tions  and  possess an AFM ground state while the con-
figurations , , and  have a FM ground state. A careful
analysis of the energy difference between the configurations
shows a clear tendency: i for configurations with higher
numbers of first Mn neighbors of each Mn atom the ground
state is AFM configuration  with six first-neighbors Mn
and a configuration  with four-first neighbors Mn, and ii
if the magnetic interaction is decreased, with less Mn atoms
as first neighbors configurations , , and  with two first
neighbors, the ground state becomes FM. In a first approxi-
mation, one should expect a transition from the FM to the
AFM ground state with the increase of the Mn concentration.
However, there is another point which has to be considered:
For the same composition, the configuration with more first
Mn-Mn neighbors has a lower total energy. For example, the
FIG. 2. Color online Ferromagnetic FM and antiferromag-
netic AFM configurations that were calculated by first principles.
The circle with a point in the center means an atom of Mn with spin
up, the circle with an x means an atom of Mn with spin down, and
the full circle means the Ga atom, represented, respectively, by the
fictitious spin variables S=1, S=−1, and S=0. For all configura-
tions, along the c axis we chose five planes of Ga, sufficient to
isolate the Mn-doped planes. Particularly, the configuration AFM
has a large unit cell: in the plane, the unit vectors are 3 and 2 times
the unit vectors of a hexagonal structure. Including N, the total
number of atoms in the cell is 72.
FIG. 3. a Total magnetic moment per a Mn atom for the FM
state and b total energy per pair of atoms for the MnN layer. These
two quantities vary with the number of GaN spacer layers.
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FM  configuration has a lower total energy than the FM 
configuration the difference is 123 meV/Mn atom. This
means that there is a tendency to favor the clustering of Mn
atoms, since such an arrangement decreases the total energy
of the system. The clustering effect becomes clearer in the
next section with the Monte Carlo simulations. Another re-
sult shown in Table I is the total magnetic moment per Mn
atom in the FM state. All configurations, except for the con-
figuration , have the integer value of 4B, indicating that
they are half-metallic. This behavior is confirmed by density
of states DOS results. In Fig. 4 the DOS of the electronic
states is presented for the  and  configurations in the FM
state. In the case of the  configuration, the Mn d band does
not exhibit a complete separation between the spin-up and
spin-down states, and both spins are present at the Fermi
energy, making the system to be metallic. On the other hand,
in the case of configuration  there is a strong spin splitting
of the Mn d bands and only spin-up states are present at the
Fermi energy, making the system half-metallic. The same
behavior is observed for the , , and  FM configurations.
Based on these results we conclude that there is a tendency
for a transition from metallic to a half-metallic system with
the decrease of the magnetic interaction and dilution of Mn
atoms. This is an interesting result, because, as mentioned
before, a successful operation of spintronic devices requires
more than a magnetic semiconductor. It requires ferromag-
netism and the support of spin-polarized transport so that
spin-polarized charge carriers may be injected into a non-
magnetic semiconductor.
IV. ISING MODEL OF HEXAGONAL CONFIGURATIONS
OF SPINS S=0,1 ,−1
In Sec. III we found that the magnetic moments of the Mn
atoms in configurations with submonolayers of MnN, i.e.,
MnxGa1−xN with x1, are all equal, corresponding to an
integer multiple of the Bohr magneton and value 4B, while
for one MnN monolayer, it is about 3.9B. In what follows,
this number will be taken also equal to 4B. In the following,
we develop an Ising model to obtain the total energy of a
general distribution of Mn and Ga atoms for an arbitrary
composition in the plane. For each configuration, one assigns
a set of fictitious spin variables S to each Mn or Ga site of
the MnxGa1−xN monolayer, where S=1 stands for a Mn atom
with the magnetic moment +4B, S=−1 means a Mn atom
with the magnetic moment −4B, and S=0 stands for a Ga
atom without a magnetic moment. The total energy for any




JfS1S2, . . . ,Svf , 1
where f means a figure type, that is a set of v f sites and
Jf is the amplitude of the interaction f . In our study, we
only consider the hexagon-based interactions of Fig. 5,
that one obtains from the fourth power expansion of
Sa+Sb+Sc+Sd+Se+Sf +So4, where the index indicates the
spin position. Figure 5 presents the figures that we actually
used. We verified that configurations with magnetic domains
separated by three rows of Ga had practically the same en-
ergy as the configuration with domains separated by two
atomic rows, meaning that the interactions do not extend
beyond the second row of atoms along the opposite edge of
the hexagon. That is the reason why we restricted the figures
to those contained in the hexagon. Consequently, the general
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where J1 is the interaction between first neighbors, J2 is the
TABLE I. Total energy differences between FM and AFM
states, and total magnetic moment for the FM state both per Mn
atom, for the five studied configurations. In the last line we give
the energy difference between two FM configurations. The entries
of this table were used to determine the interaction parameters of
the Ising Hamiltonian.







aConfiguration  was not used to determine the interactions but it
was important in verifying that the stronger interactions are con-
tained in the hexagons see Fig. 5.
FIG. 4. Density of states for the  50% Mn and  100% Mn
configurations in the FM state. The dotted lines indicate the Fermi
level positions.
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interaction between second neighbors, JR is the interaction
among four spins in a rhombus, and J+ and J− are two inter-
actions which are linear combinations of the rectangle and
the trapezoid. The Ising model parameters were chosen to fit
the following energy differences E FM−E AFM,
E FM−E AFM, E FM−E AFM, E FM
−E AFM, and E FM−E FM, whose values are
listed in Table I. In Table II we list the resulting values
of the coefficients multiplying the interactions J in the
preceding equation. Following Fig. 2, the table presents
FM=FM. Defining the energy of any distribution of
atoms by the Ising model Eq. 2, we perform Monte Carlo
simulations, which are discussed in detail in the next section.
V. RESULTS OF THE MONTE CARLO SIMULATIONS
In Sec. III we observed some general tendencies for sub-
monolayers of MnxGa1−xN based on the results for some
configurations. In this section we study the general problem
of a submonolayer with any Mn concentration, grown at a
temperature T. The first step in Monte Carlo simulations is to
obtain the range of compositions in which the 2D
MnxGa1−xN alloy is stable for a certain temperature. The
Monte Carlo MC dynamics was made by the Metropolis
algorithm, keeping the concentration x constant and ex-
changing Mn atoms with Ga atoms of the first neighborhood
only. Simultaneously, the spin of a Mn atom S=−1 or 1 is
allowed to flip, and the total number of spin 1 or −1 is not
kept constant during the MC process. We used a MC cell of
24	24 sites N=576. The starting configurations for the
MC simulations were random distributions of Mn and Ga
atoms in the 2D MC cell, with i all S=1 and ii 50% Mn
atoms with S=1. We verify that for these two situations the
same qualitative final distribution of atoms is obtained when
the thermodynamic equilibrium is reached. In order to quan-
tify the MC results and analyze in more detail what happens
on a microscopic scale, we define a quantity called affinity 25





where n̄A−B is, considering an atom A, the average number of
first neighbors of kind B in the equilibrium MC cell, and xB
is the concentration of atoms B. The definition of affinity
comprises three interesting situations: i if A−B1 the dis-
tribution of atoms is random; ii if A−B
1 there is the
predominance of atoms B in the first neighborhood of atom
A, i.e., atoms A tend to attract atoms B; and iii if
A−B1 there is a lack of atoms B in the first neighborhood
of atom A, i.e., atoms A and B are further away from each
other in comparison with the random distribution. In Fig. 6
the behavior of the affinities between atoms Mn-Ga,
Mn-Mn, and Ga-Ga is shown as functions of the Mn concen-
tration x at the temperature 700 °C, which is about the usual
growth temperature for the Ga,MnN samples. In addition,
results are also given at the temperatures 400 and 1000 °C.
We observe that, at 700 °C, the affinities are close to 1 until
8% Mn, which means that in this range the alloy is stable.
TABLE II. Coefficients of the interactions J1, J2, J3, JR, J+, and
J− in the cluster expansion of Eq. 2 for the configurations of
Fig. 2. We are also including the coefficients for a random arrange-
ment of spins in a plane of Mn configuration NM. In this case
the average 	S
=0. This case is perhaps the best representation for
the NM configuration of Fig. 3. The configuration energies are per
Mn atom. In the last two lines we present the interaction values and
one  energy difference, using the multipliers for NM. Observe
that this energy is similar to that presented in Fig. 3.
Configuration J1 J2 J3 JR J+ J−
FM 2 1 1 1 10 2
AFM 0 −1 1 1 2 10
FM 1 1 3 0 4 0
AFM 1 −1 −1 0 4 0
FM 1 1 3 0 4 0
AFM −1 −1 3 0 4 0
FM 3 3 3 3 36 0
AFM −1 −1 3 3 4 0
NM 0 0 0 0 6 6
FM 1 0 1 0 2 2
AFM −1 0 1 0 2 2
Interaction values
meV
−11.84 −18.15 0. −149.89 8.16 −4.98
E ,FM−E ,NM=−264.96
FIG. 5. Color online The interactions figures that were used
to fit the energy differences of Table I. Figures with an odd number
of sites are not considered because they make S=1 and S=−1 in-
equivalent. J1 is the first-neighbor pair interaction, J2 is the second-
neighbor pair interaction, and J3, which was not used in the fit, is
the third-neighbor pair interaction. R rectangle, Rh rhombus, and
T trapezoid are interactions depending on the products of four
spins S. In Eq. 2 the interactions J+ and J− are equivalent to R and
T.
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However, if there is more than 8% Mn in the 2D system, the
Mn-Mn affinity increases while the Ga-Mn affinity decreases
abruptly. This means that there is a phase separation forming
Mn-rich regions, i.e., the random alloy with a uniform Mn
distribution is unstable. Increasing the MC temperature to
1000 °C, the 2D alloy is stable up to 15% Mn, and for
higher concentrations phase separation occurs. Here the ef-
fect is not as strong as at 700 °C, which is indicated by the
smaller value of the Mn-Mn affinity about 3 at 1000 °C
with 15% Mn against 4.3 at 700 °C with the same concen-
tration of 15% Mn . At 400 °C, the 2D alloy is unstable in
the entire concentration range and the affinity values are very
high, indicating that the phase-separation tendency is very
strong. Another result is that the curves for the affinity are
not symmetric with respect to the 50% concentration. For all
calculated temperatures, the 2D MnxGa1−xN alloy is always
unstable if the number of Ga atoms is small.
In Fig. 7 we present the distribution of atoms in the MC
cell Ga, Mn, spin up, and Mn spin down for 8%, 10%, and
50% Mn in the thermodynamic equilibrium at 700 °C. One
clearly sees that at 8% Mn the distribution of Mn atoms is
random and the spins do not present any clear tendency for
+1 or −1. However, at 10% Mn, there is the tendency for the
Mn atoms to stay together, forming 2D clusters with a strong
antiferromagnetic coupling. The type of AFM formed is
composed of rows of the same spin coupled with adjacent
rows of opposite spin. The distribution of atoms with 50%
Mn shows the same effect of the clustering of Mn with the
AFM state as already described.
The next step in the Monte Carlo simulations is the study
of the temperature behavior of the magnetization. For the
layered GaN/MnxGa1−xN systems, we chose the distribu-
tions of atoms obtained at 700 °C, because it is about the
typical growth temperature of Gax /Mn1−xN samples. With
the Mn and Ga atoms positioned by the previous MC simu-
lations we made new MC runs allowing only the Mn spins to
flip. In order to analyze the behavior of the magnetization we

















with the atom j being a first neighbor of atom i, and N the
total number of sites in the MC cell. The correlation per pair
can assume different values depending on the arrangement of
spins in the cell. Similar to the affinity parameter, the corre-
lation per pair comprises different situations: i If C1 the
system is ferromagnetic; ii if C0 the system does not
present magnetic order, and iii C1 corresponds to an
AFM ordering of Mn spins. For example, in the type of AFM
state verified for the 2D clusters, there are FM rows coupling
antiferromagnetically with neighboring rows. Thus, each Mn
atom has two Mn first neighbors with the same spin and four
first neighbors with the opposite spin. In this type of AFM
configuration, the C parameter is then close to − 13 . Therefore,
with this parameter we can detect the kind of magnetic order
in the system. Figure 8 presents the correlation per pair as a
function of temperature for concentrations of 8%, 10%, 50%,
and 100% Mn in the 2D alloy. The atomic positions are the
stable arrangements of atoms previously obtained at 700 °C.
The starting distribution of spins were of two types i all
spins up, or ii the AFM configuration.
FIG. 6. Color online Mn-Mn, Ga-Ga, and Ga-Mn affinities vs
the Mn concentration x for the growth temperatures of 400, 700,
and 1000 °C.
FIG. 7. Color online Distribution of atoms in the MC cell in
the thermodynamic equilibrium for concentrations of 8%, 10%, and
50% Mn.
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The first important result is that the case with 8% Mn
stable alloy is completely different from the others in that it
does not present any tendency to cluster formation. In this
regime of a stable 2D random alloy, the correlation is inde-
pendent of the starting configuration of spins, except at very
low temperatures. With increasing temperature, C decays to
zero, meaning a paramagnetic material. The FM state value
1 for the correlation only occurs in a combination of very
low temperatures about 25 K and a FM starting configura-
tion. If we start the calculation with an AFM configuration,
at the same temperature, the correlation value is about 0.7,
meaning a ferrimagnetic state. For concentrations of 10%,
50%, and 100% Mn, when we have the formation of clusters,
the behavior is completely different. In this case, the corre-
lation per pair depends on the starting configuration. If the
MC simulation is started with a FM configuration, this state
C=1 is maintained until high temperatures when there is a
transition to the AFM state defined by C− 13 . The transition
temperatures increase with increasing Mn concentration.
Nevertheless, if the starting configuration is AFM, the value
− 13 for the correlation is kept until very high temperatures.
The lowest energy is for the AFM state, therefore the FM
state is metastable.
The long-lived metastability of the FM phase in Fig. 8, for
concentrations of 10%, 50%, and 100% Mn, may be under-
stood by observing that the nonmagnetic state disordered is
higher in energy than FM. In decaying from FM to AFM the
system must pass through a good deal of disorder which
means important potential barriers.
To conclude this study we also made Monte Carlo runs
with the configurations , , and  of Fig. 2. Those configu-
rations are the only examples in Table I where the FM state
has a lower energy than the AFM configuration. The arrange-
ment of spins in alternating rows of Mn and Ga is almost one
dimensional. Thus it should be no surprise that the FM state
tends to prematurely disorder on heating, presents no proper
phase transition, and begins to loose its magnetization even
for temperatures as low as 20 K.
VI. CONCLUSIONS AND SUMMARY
Summarizing, we have used spin density-functional
theory-based calculations and Monte Carlo thermodynamics
to study the electronic structure and magnetic properties of
the nitride digital heterostructures. Our results show that one
monolayer with 100% Mn possesses an AFM ground state
when it is separated by many nonmagnetic layers. The AFM
arrangement is due to ferromagnetic rows of alternating
spins. For submonolayers, the 2D alloys are only stable up to
8% Mn at the usual growth temperature of the Gax /Mn1−xN
systems. Above this Mn concentration, there is a strong ten-
dency to form MnN clusters, a possibility that has been over-
looked by the many researchers so far. The clusters, when in
thermal equilibrium, also have an AFM arrangement of alter-
nating spin-up and spin-down ferromagnetic lines. The ar-
rangement in the clusters of alternating rows may have a
fortuitous small net magnetic moment. To obtain a FM con-
figuration one has to create a metastable arrangement, either
by alternating rows of Mn with rows of Ga, a situation very
unstable after heating, or by forcing all the spins of the clus-
ters to have a single direction. In this latter case, the range of
metastability may extend through several hundreds K.
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